Abstract-A general and efficient method for the synthesis of asymmetrical dinucleoside triphosphates with an antiviral nucleoside moiety has been developed. The coupling of adenosine diphosphate with antiviral nucleoside phosphoropiperidate via the DCI activation of P-N bond afforded the desired products in good yield.
INTRODUCTION
Dinucleoside polyphosphates (DNPPs or NpnN′) constitute a family of nucleotides containing two nucleoside moieties joined at their 5′-positions by a linear polyphosphate chain. The polyphosphate chain ranges from 2 to 7 phosphorus atoms. In the past several decades, naturally occurring dinucleoside polyphosphates have been elucidated to involve in a variety of intra and extracellular processes including DNA replication and repair [1] [2] [3] [4] , regulation of purine nucleotide metabolism, alarmones action in heat shock and oxidative stresses, catalysis of certain kinases, and control of cell division [5] . In addition, modified artificial dinucleoside triphosphates are also of important therapeutic antivirals and diagnostic value [6] [7] [8] . For instance, Ap 3 AZT and Ap 3 d4T have been synthesized and tested for the therapy of HIV-infected patients [9] [10] [11] . The increasing interest of the biological roles and pharmaceutical applications of modified dinucleoside triphosphates have promoted the development of general and efficient methods for this type of compounds.
Previously, dinucleoside triphosphates have been mostly prepared by the conventional methods in low yields. A practical synthesis of dinucleoside triphosphates remains a challenge for phosphorus chemists. Up to now, enzymatic methods have also been used for the synthesis of NpnN derivatives [12, 13] . However, the enzymatic approaches have limitations in reaction scale and specificity to limited natural nucleoside substrates. In the present work, we report an method for the preparing of asymmetric dinucleoside triphosphates from the corresponding antiviral nucleoside phosphoropiperidates promoted by the activation of the P (V)-N bond.
II. EXPERIMENTAL
Chemical reagents and solvents were obtained from commercial suppliers. The triethylammonium salt of zidovudine and stavudine 5′-phosphoropiperidate was synthesized according to the procedures described in a previous report. All reactions were performed under an atmosphere of dry argon. All NMR spectra were obtained with a 400 MHz instrument with chemical shifts reported in parts per million (ppm, ) and referenced to D 2 O. IR spectra were recorded on a FT-IR spectrometer. Low-resolution and high-resolution mass spectra were reported as m/z and obtained with an ion trap and a TOFQ mass spectrometer, respectively.
To a solution of zidovudine 5′-phosphoropiperidate (46 mg, 0.1 mmol) in DMF (1 mL) were added adenosine 5′-diphosphate bis (tetra-n-butylammonium salt, 45 mg, 0.05 mmol) and DCI (35 mg, 0.3 mmol). The reaction was stirred at 40 °C for 10 h and concentrated in vacuo. The residue was dissolved in NaOAc aqueous solution (3.0 M, 0.5 mL) and then EtOH (30 mL) was added. The white precipitation was collected by centrifuge. The crude product was dissolved in deionized H 2 O (0.5 mL) and loaded on a DEAE Sephadex A-25 ion exchange column (1.6 × 25 cm). Elution with NH 4 HCO 3 buffer (linear gradient 0.3 to 0.5 M), combination of appropriate fractions, and lyophilization afforded dinucleoside triphosphate in ammonium salt form. Passage of the solution of the triethylammonium salt in deionized H 2 O through a bed of Dowex 50W-X8 ion exchange resin (Na+ form) and lyophilization afforded Ap 3 AZT (2, 40 mg, 53%) as trisodium salt, a white solid. 
B. P 1 -Adenosine-5′-P 3 -stavudine-5′-triphosphate, trisodium salt (3).
To a solution of′stavudine 5′-phosphoropiperidate (43 mg, 0.1 mmol) in DMF (1 mL) were added adenosine 5′-diphosphate bis (tetra-n-butylammonium salt, 45 mg, 0.05 mmol) and DCI (35 mg, 0.3 mmol). The reaction was stirred at 40 °C for 10 h and concentrated in vacuo. The residue was dissolved in NaOAc aqueous solution (3.0 M, 0.5 mL) and then EtOH (30 mL) was added. The white precipitation was collected by centrifuge. The crude product was dissolved in deionized H 2 O (0.5 mL) and loaded on a DEAE Sephadex A-25 ion exchange column (1.6 × 25 cm). Elution with NH 4 HCO 3 buffer (linear gradient 0.3 to 0.5 M), combination of appropriate fractions, and lyophilization afforded dinucleoside triphosphate in ammonium salt form. Passage of the solution of the triethylammonium salt in deionized H 2 O through a bed of Dowex 50W-X8 ion exchange resin (Na + form) and lyophilization afforded Ap 3 d4T (3, 37 mg, 52%) as trisodium salt, a white solid.  
III. RESULTS AND DISCUSSION
As shown in Scheme 1, adenosine diphosphate (1) was treated with 2.0 equiv of zidovudine 5′-phosphoropiperidate and stavudine 5′-phosphoropiperidate in the presence of 6.0 equiv of DCI at 40 °C in DMF for 10 h. Ethanol precipitation followed by ion exchange chromatography afforded the desired Ap 3 AZT and Ap 3 d4T in over 50% yields. Due to the stability of adenosine diphosphate, the coupling reactions were performed at gradually elevated temperatures. As illustrated in Table 1 , the reaction time for the synthesis of 2 and 3 was remarkably shortened to less than 10 h at higher temperatures (40 and 50 °C). However, when the reaction was performed at 50 °C, the amount of polyphosphate byproducts began to increase, thereby reducing the efficiency of the couping reaction. 
